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Surface enhanced Raman spectroscopy has a wide application in fields such as
surface science, analytical science and biomedicine for its high sensitivity up to
single molecule level, high-energy resolution of fingerprint spectra, spatial
resolution nearing diffraction limit and little interference from water and so on.
With the advent of portable Raman spectrometer, SERS has attracted much
attention in research areas of food safety, environmental monitoring, national
defense and public security and other areas. However, SERS has been limited to
fundamental laboratory studies at present. There still exist many problems for its
applications in practical systems. In particular, it has been a hot and key issue in
the SERS field to obtain SERS substrates, with high sensitivity, stability,
reproducibility and easy commercialization. This is aslo the foundation stone as
well as bottleneck for practical applications. Hence, this thesis is mainly devoted
to preparing SERS substrates with high reproducibility, stability and sensitivity,
and their applications. Specific works are as follows:
(1) Development of highly reproduce, stable and sensitive SERS substrates.
Trace species detection in complex system is one of the core problems in
analytical science, and is aslo a key point in the application of SERS. Although,
SERS substrates prepared with chemical methods can achieve single molecule
detection of molecules with resonance raman effect, the protective agents
introduced in preparation process, which can ensure the stability of the SERS
substrates, often interfere with the detection of trace amounts of target species.
To this end, this thesis developed a new Ag NPs substrates with high stability and
sensitivity. This method abandoned the traditional practice of using sodium citrate
as the reducing agent, instead, hydroxylamine hydrochloride and sodium
borohydride were chosen to synthesize the Ag NPs. By comparison, we found













desirable stability and reproducibility, but aslo their SERS sensitivity is one order
of higher than those prepared with the sodium citrate method.
(2) Developing SERS detection methods for practical applications. The highly
stable and sensitive SERS substrates were used to detect the DMMP molecule,
which is a chemical warfare agent simulant. By changing the pretreatment
conditions, it was found that good Raman signals of DMMP could be detected,
when the SERS substrates are in the metastable state. However, this approach is
demanding in erpertise and unable to be operated by non-professionals. This
thesis developed a novel kind of solid substrates based on pre-aggregating, thus
enabling real-time, fast, and convenient detection.
(3) The synthesis and application of metal sulfide core-shell structure
nanoparticals. This studies inculed three parts. Firstly, developing an technology
to filling of the pinhole in Au@SiO2; Secondly, the adsorption behavior of alkaline
methanol oxidation intermediates CO absorded on Au@Au2S/Pt electrode were
studied. Thirdly, Ag@Ag2S nanoparticles were fabricated and applicated in
photocatalytic degradation of methyl orange and Rhodamine B.
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